AD-A166 741 A HIGH SPRATIAL RESOLUTION DIGITAL SYSTEN FOR ULTRRSOIIIC
I MAGING(U) RRMY ARMAMENT RESEARCH AND DEVELOPMENT
ENTER _WATERVLIET NY C J_F MCOONALD ET AL_ FEB 86
UNCLRSSIFIED RRCCB ~TR-86818 SBI-AD-E448 324 F/G 1




e

"
¥

-
-
"~
o
-

o

-
-
o

)

,1
i

SR N e Ay ST
SRR ‘:* D ORI MY

l
i
]
!

E 2.8 25
- X
w2

' l E 7] IZ.O

.25 N1 1.6

MICROCOPY 2.CLU . 'ON TEST CHART
NATIONAL BUREAU OF STANDARDS - 1963 ~ A

TR
TR

B ,,q'!og,#!.g;.\ NS

IAETNCAEE
B




. W€ Be¥ By BN il T T T OTOr T

® |

X AD E[/(/O 3
f TECHNICAL REPOBT ARCCB-TR-86910 '
f A HIGH SPATIAL RESOLUTION DIGITAL SYSTEM

FOR ULTRASONIC IMAGING

dliiv J . D

: \

¢ <

R ™~

) © J. F. McDONALD K. S. GOEKJIAN

: o P. K. DAS L. JONES

: L~ § K. C. LAPRADE H. SHYU

‘ é C. J. HILDAGO  G. CAPSIMALIS

’ < Hdalgs

;; DTIC
; ZLECTE
( , MAR 1 O 1986
; | - FEBRUARY 1986

' | B

: US ARMY ARMAMENT RESEARCH AND DEVELOPMENT CENTER
' CLOSE COMBAT ARMAMENTS CENTER

' BENET WEAPONS LABORATORY

' WATERVLIET. N.Y. 12189-4050

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED

OTIC FILE COPY

86 3 19 008

) § . L R L L L L% L N 1 L A % L Lt T L TR SN Lt L e e
3 M PN "#:)':}:-\‘ P -“)\‘J-I,-: AT IR N B A A S RN AT AN ST ATRAR
A PN ol W A W ] L gl g . n war's = O C

RSl by \ .
-’;’. -------- Ul




.
(i
A%

o
0 3 DISCLAIMER
“g The findings in this report are not to be construed as an official
‘l‘|‘

0 . . .
?4 Department of the Army position unless so designated by other authorized .
l;f documents.

The use of trade name(s) and/or manufacturer(s) does not constitute
b an official indorsement or approval.
[
K2

¥
e
::? DESTRUCTION NOTICE

" For classified documents, follow the procedures in DoD 5200.22-M,
:}: Industrial Security Manual, Section II-19 or DoD 5200.1-R, Information

S
o Security Program Regulation, Chapter IX.
oy For unclassified, limited documents, destroy by any method that will
-

o prevent disclosure of contents or reconstruction of the document.

105 For unclassified, unlimited documents, destroy when the report is
-

t% no longer needed. Do not return it to the originator.

e

-

i \J

W

A

1Y

L)

¥ "{ ) s
Py

-

=
; *‘P
i
4’4
.

H )1

T~
P,

T R AT 4T S T T T




haa Bl &g oo 4 g

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

READ INSTRU
REPORT DOCUMENTATION PAGE pEr EAD INSTRUCTIONS
1. REPORT NUMBER 2. GOVT ACCESSION NOJ 3. RECIPIENT'S CATALOG NUMBER
ARCCB-TR-86010 AD.Albb 7<//
4. TITLE (and Subtitle) S. TYPE OF REPORT & PERIOD COVERED
A HIGH SPATIAL RESOLUTION DIGITAL SYSTEM FOR i
ULTRASONIC IMAGING Final
€. PERFORMING ORG. REPORT NUMBER
7. AUTHOR(s) V 8. CONTRACT OR GRANT NUMBER(a)
Jeo Fo McDOﬂald, pP. K. Das, K. Co Lapl‘ade, Co Jo DAAA22—81'C—0170 (Phase 1)
Hidalgo, K. S. Goekjian, L. Jones, H. Shyu, and
G. Capsimalis (See Reverse) DAAA22-81-C-0185 (Phase II )
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT, TASK |
US Army Armament Research & Development Center AREA & WORK UNIT NUMBERS
Benet Weapons Laboratory, SMCAR-CCB-TL AMCMS No.6111.02.H600.0
Watetvliet, NY 12189-4050 PRON No. 1A52FS1D1A1A
11. CONTROLLING OF FICE NAME AND ADDRESS 12. REPORT DATE
US Army Armament Research & Development Center February 1986
Close Combat Armaments Center 13. NUMBER OF PAGES
Dover, NJ 07801-5001 25

T4, MONITORING AGENCY NAME & ADDRESS(I{ different from Controlling Office) | 15. SECURITY CL.ASS. (of this report)

Unclassified

T5a. DECL ASSIFICATION/ DOWNGRADING
SCHEDULE

\3
3
.»
\
t
\l
]
\J

16. DISTRIBUTION STATEMENT (of thls Report) 5’
t
§
4

Approved for public release; Distribution unlimited

17. DISTRIBUTION STATEMENT (of the sbetract entered In Block 20, i different from Report)

18. SUPPLEMENTARY NOTES A

Presented at the Fourteenth International Symposium on Accoustical I maging

Neatherlands Congress Center in the Hague, 22-25 April 1985 and Published in
the Proceedings.

e

19. KEY WORDS (Continue on reverse side if necessary and identily by block number)
Ultrasonic Imaging Fourier Holography
Digital Holography High Spatial Resolution
VLSI in Ultrasonics Parallel Processing

e MM |

-

20. ABSTRACT (Ceutfouve en reverse side if necessary and identify by block number)
In recent years, the authors have investigated some of the fundamental R
theoretical physical limtations imposed on ultrasonic array performance. This J
has led to the extensive study of energy trapping as one means of enhancing the N
spatial confinement of element radiation in the array. In this report, we
describe a system designed to explore the quality of the images produced by
practical trapped energy mode, hybrid trapped energy mode, and other types of
(CONT'D ON REVERSE)

Lo

DD ' un n EDITION OF ' NOV 65 IS OBSOLETE UNCLASSIFIED y
SECUMTY CLASSIFICATION OF THIS PAGE (Wien Date Entered) 3

)R S X i . W% LA {4 \ % CATRCLERRS |
0“‘?5“.%. AL XA Q‘! |‘ .'éi‘..\'l,l “t. " A% l’o’!‘.’l‘b‘l‘:‘t‘& A% _“""Q‘.\‘u.l‘a.‘.‘t 'o‘i 5 l‘!él‘h.’x‘t‘ l‘ﬂr & \.: OO R RN “5?‘:3 OO X ' .‘",:




SECURITY CLASSIFICATION OF THIS PAGE(When Date Entered)

7. AUTHORS (CONT'D)

J. F. McDonald, P. K. Das, K. C. Laprade, C. J. Hidalgo, K. S. Goekjian,
L. Jones, and H. Shyu

L Rensselaer Polytechnic Institute

. Troy, NY 12180-3590

i 20. ABSTRACT (CONT'D)

arrays. The system implements a 256 channel parallel set of A/D and D/A
converters for attachment to an arbitrary array. All 256 channels operate

2 simultaneously at a maximum sampling frequency of 10 MHz. Hence, the total

0 throughput of signal samples reaches 2.5 billion samples per second in a

: "burst” mode. The multiple-ported DRAM memory has 1x10© bytes of local high
speed storage. Since all of the input aad output signals are in digital form,
J a wide variety of image processing techniques can be employed. For example,

éﬁ from a single pulse, it is possible to reconstruct the two-dimensional

W hologram of the ultrasonic imaging using fast digital hardware. The images

sﬁ can also be prepared by pulse-echo techniques using the same system.

Ky Transmission from one portion of the array and monitoring the signal in

! another portion simultaneously to detect interelement coupling is possible.

o In this way, all of the key array parameters can be controlled and calibrated.
?‘ Because of the D/A capability of the system, various signals can be

‘gz transmitted from each array element, thereby permitting focusing and design of
5] optimum probing signals.

SECURITY CLASSIFICATION OF THIS PAGE(When Date Entered)

, . g POrRT T HE X AL OO
6, 4a§ 0 \ Py 4 QX IO Wy 2% Voo 0¥ 4 1]
\3;,-":‘:, ,,‘n,f, Q.:_,_A,_ ‘5 ,‘g T |§g¢&“1ﬁgk el et DO AP AL LY I



TABLE OF CONTENTS

Page
ACKNOWLEDGEMENTS iii
i ' INTRODUCTION 1
; . ARCHITECTURE OF ACQUISITION SYSTEM 2
EXPERIENCE WITH PROTOTYPE DESIGNS 10
DIGITAL FOURIER HOLOGRAPHY 14
TIME FOR IMAGE GENERATION 17
™ RESOLUTION 17
,1, CONCLUSIONS 18
£y
& REFERENCES 19
¥ LIST OF ILLUSTRATIONS
% 1. Overall system architecture showing parallel acquistion. 3
| 2. Organization of converter board showing eight channel 4
multiplexing of CCD's to the A/D and D/A converters. §
3. Register organization for C-BUS/UNIBUS interface including 5
OMA features.
4a. Microsequencer for controlling data transfers and function 8
. selection.
B 4b. Interface of microsequencer to C-BUS. 8
5. Connections for multiport memory showing C-BUS, A-BUS, and 9
P FFT access port.
fﬁ 6. Fast Fourier Transform (FFT) processor (one of 16 such 10
o processors).
jf 7. Rack organization for data acquisition portion of imager. 11

- e e

-
i)
l“%?(

\ A LX) [ MMM ! s
‘;J‘{‘?\";.t‘\:lli. ‘,.‘tﬁ‘,k“?i'?.“iush ‘e .‘¢ :“nv‘:tg“tg ?ig“,f?‘



8. Photographs of several of the prototype boards. 12
9. Photograph of rack and backplanes for imaging system. 13
10. Geometry for backward wave propagation digital holography. 15

11. Geometry for aperture focusing. 17

ii

4

BRORGOGLARCAOUTA 5 b UK I, ., . ‘
RN _3.._3"4‘&3_":‘,,;“«‘ o ,‘i..dﬁ“'Q Adom,o i . B gt ‘e

\ ‘l ) Vivey
(N ‘.3‘0“‘! J‘ ‘ ,ﬁ'f ‘l‘.!" rl.! W,



ACKNOWLEDGEMENTS

The authors wish to acknowledge the support of the U.S. Army under
contracts #0DAAA22-80-C-0170 (Phase I), and #DAAA22-81-C-0185 (Phase II). The
authors wish to express their thanks to Thomas Daly, Robert Easton, Thomas
Cavileer, and Steven Montalto who performed work on the Phase I system and

contributed many of the concepts embodied in the Phase 1I system discussed in

~.f‘:;‘: this report.
z(ﬂ
?»
i
Y ]
B
¥
ia
i}
)‘:'i“
i g” —
‘::: Accesion For i
: NTIS CRA& )
DTIC TAB O
T Unannounced 0
RE \ Justification
] e . T P ———— T e e e e o
e “I
“‘”: By .
Distribution)
‘!
Qx, Availability Codes
. ," e —— ey
) .. . Avail and|or
84 i Dis :
:: ii t Spccial
% A1
;;E
o

AR LR A OOODEISOTOLOUE
'y ..a:l'!:.."h’ : ".i-,l\‘!!‘ n‘t'!‘t”“‘:“-:’lui;'t‘i‘!‘y i‘“"' -”‘-5‘1“?'? :

N

Py

AN B
4“‘\"‘6{{




INTRODUCTION

This report describes a flexible system for generating acoustical images
at high speed and with high resolution. The system has been designed to
explore a wide variety of signal processing and image processing approaches,
using different kinds of array technologies for the purpose of comparison
(refs 1-15). One of the unique features of the system is the wide bandwidth,
highly parallel data acquisition scheme used to send and receive signals for
the array elements. The 256 channels can simultaneously digitize bursts of up
to 488 (upgradable to 976) samples at up to a 10 MHz sampling frequency rate
per channel. Therefore, the total maximum data transfer rate is 2.56 billion
samples per second during each burst. The 256 output channels provide the
ability to transmit independently selected waveforms to each array element.
This produces a variety of programmable target illuminations, including
pulses or tones, with focusing or without focusing. Because of the large
number of input/output channels, dense tpatial sampling of very large array
apertures is possible leading to high spatial resolution.

In addition to the high spatial resolution of the 256 channel system, its
parallel data acquisition capability permits the rapid capture of information
sufficient to construct an entire image from a single transmitted pulse. For
targets which are in motion, or in situations where extremely low total expo-
sure to ultrasonic energy is important, this single pulse image acquisition
feature can be extremely useful. To provide for a rapid image generation
capability, the digitized signals are stored in multiported memories which

provide for parallel computational access by an array of specialized Fast




Fourier Transform (FFT) processor boards. With these parallel processors in
place, a 30 frame persecond image generation rate is possible using digital
holographic image reconstruction methods.

Although the entire system was not completed by the time this report
was written, a prototype of each board has been constructed which permits us
to make some observations about the feasibility of the design with regard to
the cost of this approach, especially concerning the electroragnetic inter-

ference and noise problems encountered in electronic systems of this size.

ARCHITECTURE OF ACQUISITION SYSTEM
The overall architecture for the 256 channel data acquisition system is
; shown in Figure 1. The “front end" boards contain sufficient wideband (5 MHz)
analog circuits for eight channels each, and provide for high voltage
X transmitter and low noise receiver electronics. The receiver circuits also
contain programmable ramp amplifier circuits for each channel.

The conversion boards contain cost effective circuits for dealing with
the wideband signals in each analog channel. To process the 5§ MHz maximum
frequency components, each channel must be able to sample at 10 MHz. The cost

f of a separate A/D and D/A converter for each of the 256 channels at this
sampling rate and 10 bits of accuracy would be prohibitive., On the other
hand, bulk CCD shift registers operating at 10 MHz are readily available at a
much lower cost. These analog shift registers act as temporary storage for

- incoming or outgoing waveforms.
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fjﬁ Once incoming 10 MHz data has been stored in analog form, the CCD shift
‘ registers can be clocked at a lower cost. As a further cost saving strategy,
! the CCD's are multiplexed in groups of eight channels through analog switches
-éf‘-“

it | ,”

ZE. to a common sample and hold and analog to digital converter. The outgoing
¥

Fra data is similarly demultiplexed to share the digital to analog converter for
93:‘

}ﬁ: eight channels. Each CCD channel can be fed either by the DAC or the

KN

23; | corresponding analog receiver signal after ramp amplification. Figure 2 shows
':: the general organization of the converter board.
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s Figure 2. Organization of converter board showing eight channel multiplexing
of CCD's to the A/D and D/A converters.

The 32 converter boards are interfaced in pairs bidirectionally to 16

separate multiple-sort 64K byte dynamic random access memories (DRAM'S).

These memories all share access to a common internal bus called the C-BUS
pRX which provides an addressing capability large enough to access any word in any
B 64K memory bank. The C-BUS provides an interface to a standard UNIBUS for

connection to Digital Equipment Corporation computers (acting as a host) such
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as the POP-11, LSI-11, or VAX. This interface provides for fast transfers to
and from the UNIBUS in blocks of length up to 64K bytes in a direct memory
acces (DMA) mode. This interface is illustrated in Figure 3. In that figure

the small "t" denotes a tristate bus driver connection.

C -BUS ODats C~-BUS Address

T
] |

) ) 0 0 G
V4
3

,“3}

Unibus Datas Unibus Address

Figure 3. Register organization for C-BUS/UNIBUS interface including
DMA features.

There are two main methods for the UNIBUS to access the C-BUS:

First, C-BUS memory and other devices on the C-BUS can be accessed from
the UNIBUS, using the bank select and memory address register to map a portion
of the UNIBUS addressing space. When this access method is used, the inter-
face is essentially transparent to the UNIBUS, and the C-BUS becomes, in
effect, an extension of the UNIBUS.

Second, to allow the UNIBUS processor to analyze and/or process C-BUS

data without tying up the interface and the C-BUS, the data can be transferred
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between the two busses in blocks (using DMA). To accomplish this, the user
sets up the C-BUS adddress, UNIBUS address, and word count registers, then
uses the DMA control/status register to initiate the data transfer.

wWhen this method is used, the interface becomes master of both the UNIBUS
and the C-BUS for the duration of the data transfer. Also, there is an option
which requires the interface to relinquish control of the UNIBUS periodically,
allowing the UNIBUS to accomplish any essential operations such as DRAM
refresh.

The interface can also be used to allow a C-BUS processor to access
UNIBUS facilities. When this option is invoked, the interface becomes a slave
on the C-BUS, but obtains mastership of the UNIBUS, allowing a C-BUS processor
to access UNIBUS addressing space directly, as though the UNIBUS were simply
another peripheral on the C-BUS. This option, known as "UNIBUS Intelligent
OMA," renders the interface transparent to the C-BUS.

Finally, C-BUS to C-BUS DMA transfers are possible in this system. This
is important for moving data from one block of memory to another, or in fact,
simultaneously to all banks of memory.

From a control point of view, the interface has facilities which permit
a C-BUS processor to cause an interrupt on the UNIBUS. Also, control of the
C-BUS, normally held by the UNIBUS, can be granted to another processor on the
C~BUS through the system control/status register.

In Figure 3 the bank select register BSEL determines which bank of memory
(or other C-BUS device) is selected. The MAR determines which 16KB section of

the 64KB memory is mapped into the UNIBUS address space 700000-737777 (octal).




The control and status register contains information about interrupt GRANT
signals and other system status signals. The DMA transfers in the system are
primarily from memory to memory. The starting C-8US address for each block is
in the CBAR and the corresponding UNIBUS starting address is the UBAR. The
length of each block to be transferred is in the WCR.

Control for the data acquisition and bus management is handled by a high
speed (10 MHz clock rate) bit-slice controller which executes a form of
programming called microcode. Figure 4a illustrates this section of the
architecture. Figure 4b shows how this is itself interfaced to the C-BUS in
order to initially downline load microcode from the host computer into the
writable control store which holds the program for sequencing the system's
operations. One function of the bit-slice controller is to set up and manage
DMA block transfers of memory. Other functions include the management of the
transmission of waveforms, the count-down delay for reception of reflected
waveforms, and the onset of ramp amplification of these waveforms.

Next, we observe in Figure 5 that an extra port is provided for each 64K
memory bank. This port is provided to pass data through a set of latches to
one of 16 parallel (FFT) processors.

The role of the FFT processors is to accelerate the generation of images
by the method of digital holography. The FFT processors provide for a rapid
transformation to the frequency domain for the 256 response waveforms. For
one frequency (or several frequencies), a quasi-optical reconstruction can be

implemented with an FFT operation in the spatial domain producing one "slice"

through the image per transform.
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The architecture of each FFT processor is based on the Advanced Micro

gﬁ; Devices (AMD) 29500 family of bipolar integrated circuits designed for fast
izéﬁ signal processing. Each FFT processor is also capable of performing a complex
43% multiplication by a scaling factor designed to "backpropagate" the array of

iy complex amplitudes and phases corresponding to each channel from the data

L

’?E acquisition system to a "slice" position in the image. Proper sequencing of
»5:: these FFT processors is shared by the same bit-slice processor shown in Figure
ﬁ?ﬁ : 1. This is due to the common sequence of microinstructions (SIMD architec-
553 ture) executed by each FFT processor. Addressing of data in the 64K DRAM's is
fﬁﬁ; also handled by the bit slice-processor. Figure 6 shows tﬁe architecture of
;i) 9
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the typical FFT processor board. Final access to the image for display is

handled by the DRAM port.

orrasy sxirr v
l caarEIES -
o
v —>
’ 740201 | DN
uIrT OUT
SUTTERFLY REAL IMAGINARY
ADDRESS PROCESSOR PROCEIBOR
29340 w30 29301
» .
16 x 16
] cosr. MOLTIPLIER
» [ rom 29316
]

Figure 6. Fast Fourier Transform (FFT) processor
(one of 16 such processors).

EXPERIENCE WITH PROTOTYPE DESIG“S

The overall organization of the equipment rack for the electronics in the
system is illustrated in Figure 7. Prior to full system implementation, each
unique piece of the system has been built in prototype form. This consisted
of only seven DEC W9301 quad height cards, two for the bit-slice controller,
and one each for the C-BUS/UMIBUS interface, the 64 KB DRAM, the
CCD/CONVERTER, the Analog interface, and FFT processor. Photographs of

some of these are shown in Figure 8.
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}&ﬁi The only two parts of the design which have proved challenging are the
. analog channel circuit and the electromagnetic interference encountered in
‘ﬁﬁi some parts of the system. Use of high speed logic, including advanced
H:ﬁe:
\ﬂ? Schottky (AS) transistor transistor logic (TTL), and the AMD2900 series logic,
4“
. creates a great deal of high frequency switching noise in the system. Also,
454§ the 100v peak transmitter signals in the analog section cause lower frequency
':.’a-”;rﬁ
wﬁgf ’ interference. Finally, refresh cycles in the 16 DRAM cards cause large
1]
- current surges which must be filtered from the power supplies.
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Figure 8.

Photographs of several of the prototype boards.
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P

interconnections and the extremely close spacing of these wires to the ground
plane. A second recent innovation (by Rogers Corporation} is the emergence of
special high capacitance/low inductance bypass capacitors which fit under each
integrated circuit package. Similar HiC/LowL bus strips are used to distri-
bute power supply voltages on cards. The lack of an adequate ground system in
the backplane which serves to support the cards has also presented problems.
These have been solved by using discrete micro coaxial cables. A photograph

of the backplane assembly is shown in Figure 9.

)
H

e B F

Figure 9. Photograph of rack and backplanes for imaging system.
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DIGITAL FOURIER HOLOGRAPHY
The principles of digital Fourier holographic image reconstruction are
well known (refs 16-18). However, implementation of these concepts in a real-

time hardware embodiment suitable for use with electronic ultrasonic arrays

e

has awaited the arrival of certain electronic innovations such as lTow noise
bulk CCD's, the bipolar AMD 29,500 FFT signal processing parts; low cost, high
. precision, high frequency A/D0 and O/A converters, high speed analog switches,
and very low cost 64KB DRAM memory.

The basic theory for digital holographic reconstruction involves the
=t Fourier transform of the (monochromatic) spatial distribution of amplitude and
phased U(x,z) of the backscattered wave field in an aperture at z = 0 (Figure
H 10). For a very large (infinite) aperture, this transform may be written

Sl using the notation given by Goodman (ref 19)

a ® ' a
Ao (;) =/ . U(x,0) exp{-2nj (; x) jdx (1)

A where A is the wavelength. At an arbitrary distance z # 0 away from the aper-

b“ ture plane, the a similar transform can be defined.
a 00 a

A(- ; z) = [ U(x,2) exp{-2mj(- x)}dx (2)
A -—c0 A

o Inverting this equation, we obtain

00 a . @ a

o U(x,z) = [ A(- ; 2) exp{+2rj(- x)} d - (3)
4:: - A A A
Y,
b
;ﬁ However, for U(x,z) to satisfy the wave equation, we must have

€

a a 2nj

i A(; ; 2) = Ao () exp{t =" Y1-a2 zj (4)
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Figure 10. Geometry for backward wave propagation digital holography.
We hasten to point out that the choice of the sign in the above equation can
be deduced when the propagating or evanescent waves are known to originate '
from a specific location in space. If all sources of the waves are located to

the left of a given value of z (including the aperture at z = 0), we may

safely pick the positive sign and therefore
L a 2nj
U(x,2) = [ Ag(-) exp &) V1-az z}
o0 A A
{2m5 (S )} d = (5)
exp{2n) (- x -
plend A A

Hence, by Fourier transforming the distribution U(x,0) to obtain Ay as shown

in Eq. (1), multiplying by the phase factor

o
P(z) = exp(-;g Y1-az z) (6)

for any z we can obtain U(x,z) for that value of z by the inverse transform of

€q. (5).
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We recall that the positive sign in Eq. (6) can be chosen provided the
sources of the waves are to the left of z. However, to actually image near a
source (and perhaps behind it further to the left in z) one must be aware that
the use of the plus sigh in Eq. (4) can only represent the forward scattered
component of the waves. Both forward and backward scattered waves are needed
to satisfy the boundary conditions on the scattering surfaces of interest, and

in these regions (refs 20-22)

A a + a .\ 2nj yi® i
(A i Z) = Ay (i ; z) expf e 1-a? zj

2R) _—
; z) exp{- _;2 V1-at z} (1)

>»ia

+A;(
where

+ a - a
Ay (; : Z) and Ag (; : 2)

are the forward and backward scattered wave angular spectra which become func-
tions of z as a line parallel to the x-axis at distance z passes through the
source (which may be the surface of some object to be imaged).

The dependence of the forward and backward angular wave spectra on z is
not in a simple form and depends on the precise nature of the source of the
waves. This prevents an exact reconstruction of the image field near or
behind sources with irregular shapes. Some of the distortions causing this
effect are multiple scattering (ref 23) and shadowing (ref 24).

In spite of this difficulty, "images” can be constructed using the back-
ward wave propagation procedure of substituting £q. (4) into £q. (3) with the

positive sign only in the exponent of (4).

16




TIME FOR IMAGE GENERATION

The data acquisition time and time to move data blocks takes less than 4
ms. Transformation of the incoming data to the frequency domain takes 10 ms.
Phase modulation takes 2 ms and the final image generation takes 6 ms. The
use of the 16 FFT processors therefore makes image generation in 30 ms

possible.

RESOLUTION
An estimate of the resolution of the system is determined by the focal

spot size for the rectangular aperture shown in Figure 11. One can show that

) ¢ (L)z (8)
3 -
D

o1

(

S

N>

are the lateral and depth resolutions. At 5 MHz in steel, A & 0.6 mm. Hence,
if the 256 element aperture spans six inches (15.24 cm) and L = 30 cm, we find

that s = 0.6 mm, ¢ = 0.73 mm.

P(x'y',-L)

. P(x,y,z)

NIO

Figure 11. Geometry for aperture focusing.




CONCLUSIONS

An architecture for a high resolution 256 channel ultrasonic imaging
system has been designed and partially prototyped. The architecture is
capable of producing an image using a variety of reconstruction algorithms
including digital holography (refs 25,26). With the use of 16 FFT parallel
processor boards attached to the multiple-port DRAM's, the system is capable

~% of generation of a 256 x 256 image in 1/30 second. Hence, single shot or

video rate real-time imaging is possible.
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